Abstract There is no guideline defining the optimal time from a positive screening fecal occult blood test to follow-up colonoscopy. We reviewed records of 231 consecutive primary care patients who received a colonoscopy within 18 months of a positive fecal occult blood test. We examined the relationship between time to colonoscopy and risk of neoplasia on colonoscopy using a logistic regression analysis adjusting for potential confounders such as age, race, and gender. The mean time to colonoscopy was 236 days. Longer time to colonoscopy (OR = 1.10, P = 0.01) and older age (OR 1.04, P = 0.01) were associated with higher odds of neoplasia. The association of time with advanced neoplasia was positive, but not statistically significant (OR 1.07, P = 0.14). In this study, a longer interval to colonoscopy after fecal occult blood test was associated with an increased risk of neoplasia. Determining the optimal interval for follow-up is desirable and will require larger studies.
Introduction
Colorectal cancer remains a leading cause of cancer deaths in the United States. Screening asymptomatic individuals with yearly fecal occult blood tests (FOBT) has been shown to decrease mortality from colon cancer [1] [2] [3] [4] . Furthermore, colorectal cancers detected by FOBT screening are diagnosed at an earlier, more manageable, stage [5] , and are associated with lower costs than symptom-diagnosed cancers [6] .
The current screening guidelines recommend that a positive FOBT should be followed by a complete colon evaluation with colonoscopy [7] . However, the timing of the colonoscopy is not specified and there is no evidence defining the optimal time from a positive screen to followup testing. A recent Veterans Health Administration (VHA) study found that only 44% of patients underwent a full colon evaluation within 12 months of positive FOBT [8] . In fact, in 2004, the average time from positive FOBT to colonoscopy for asymptomatic patients in the VHA was 199 days [9] . In light of these findings, the VHA has recently issued a performance monitor measuring the proportion of positive FOBT with a follow-up colonoscopy within 60 days [10] .
The concern underlying this performance monitor may be that a delay to diagnosis will lead to poorer health outcomes. However, published studies do not support this supposition [11] [12] [13] . Furthermore, no study has yet examined time delay from FOBT to colonoscopy and its relationship to outcome. We were interested in whether a delay in pursuing colonoscopy after positive FOBT would result in more advanced disease at the time of the colonoscopy. We hypothesized that the probability of finding neoplasia at the time of colonoscopy after a positive FOBT would not be associated with the timing of that colonoscopy.
Methods

Settings and Data
The patient and colonoscopy data collection has been previously described [8] . Briefly, 676 consecutive patients, age 45 and older, with a positive FOBT ordered from a primary care clinic between March 1, 2000 and February 28, 2001 were identified using the laboratory database and electronic VHA medical record. Patients' age, gender, race, date of positive FOBT, date of colonoscopy, and findings on colonoscopy were abstracted by trained personnel onto a standardized data abstraction form. Additionally, the pathology results for tissue removed at colonoscopy were abstracted for this study. Patients were excluded from the analysis if they had an FOBT sent for indications other than colorectal cancer screening, if they did not undergo colonoscopy within 18 months of the FOBT, or if the colonoscopy was performed outside of the VHA and pathology results were not available. Thus, the final number of subjects available for analysis was 231.
For the FOBT, per usual clinic protocol, a nurse gave patients three stool cards (Hemoccult SENSA, Beckman Coulter, Fullerton, CA) and instructions. The patients collected the stool at home and returned the stool cards to the VHA facility. All FOBTs were processed and interpreted without rehydration in the central clinical laboratory. If any of the three cards were positive for occult blood, then the FOBT result was ''positive.'' All colonoscopies were performed on-site by a gastroenterology trainee under the supervision of a board-certified gastroenterologist or an attending gastroenterologist operating independently. Biopsies were reviewed by the medical center pathology department.
The primary explanatory variable was time (in days) from positive FOBT to colonoscopy. The primary outcome variable was the most advanced lesion on colonoscopy, which was classified as: no adenoma, adenoma, advanced adenoma, or invasive cancer. Advanced adenomas were defined as having a diameter of 10 mm or more, villous architecture ([25% villous), high-grade dysplasia or intramucosal carcinoma [14] . Invasive cancer was defined by invasion beyond the muscularis mucosae. For analysis, any adenoma was considered ''neoplasia'' and advanced adenomas and invasive cancer were considered ''advanced neoplasia'' [15] . This categorization was determined prior to the analysis to reflect clinically relevant categories that may influence health policy decisions.
Statistical Analysis
Our primary aim was to understand the effect of time from FOBT to colonoscopy on the risk of neoplasia and advanced neoplasia. Descriptive statistics were computed for neoplasia and advanced neoplasia, time to colonoscopy, and the covariates age, race, and gender. In an effort to understand the possible role of confounding by age, race, and gender, we calculated bivariate measures of association between the covariates and time to colonoscopy using twosample t-tests (race, gender) and Pearson's correlation (age) [16] . Statistical analyses of the primary outcome measures neoplasia and advanced neoplasia were conducted using logistic regression conditional on time to colonoscopy and adjusting for possible confounding covariates [17] .
To aid in the interpretation of the results, predicted probability plots based on the fitted logistic regression models were produced. These plots describe the marginal effect of time to colonoscopy since positive FOBT on the risk of neoplasia and advanced neoplasia, averaged over the covariates. Point-wise confidence intervals for the predicted probabilities (p t ) were computed using the delta method [18] .
All analyses were conducted using R version 2.5.0 for Windows (R Development Core Team, 2007).
Results
The baseline characteristics of the sample are summarized in Table 1 . The majority (97%) of subjects were male and Caucasian; though over a third were African-American. Approximately half the subjects had no neoplasia on colonoscopy. Fifteen percent had advanced neoplasia, including nine patients with invasive cancer. The mean time to colonoscopy was 236 days with a median of 201 days.
We first examined the bivariate associations between patient characteristics and time to colonoscopy (Table 2) . Mean time to colonoscopy was significantly longer in non-Caucasians (258 days) as compared to Caucasians (220 days, P = 0.01). Age (P = 0.12) and gender (P = 0.91) were not significantly associated with time to colonoscopy. Table 2 also lists mean time to colonoscopy stratified by findings on colonoscopy. Differences in mean time to colonoscopy between patients in the adenoma, advanced adenoma, and invasive cancer groups as compared to the no adenoma group (reference category) were not statistically significant. The data, however, suggest a trend such that longer time to colonoscopy was associated with more advanced findings on colonoscopy (ANOVA trend test, P = 0.04).
Results from a logistic regression analysis of neoplasia and advanced neoplasia are described in Table 3 . For the analysis with neoplasia as outcome, all covariates (age, race, and gender) were entered into the model. Gender could not be included in the advanced neoplasia model because there were no females with advanced neoplasia in our sample. Longer time to colonoscopy was associated with higher odds of neoplasia (OR = 1.10 for each additional 30-day wait; 95% CI = 1.02-1.19). Though positively correlated, the association between time to colonoscopy and advanced neoplasia was not statistically significant (OR = 1.07; 95% CI = 0.98-1.18). Older age was associated with higher odds of neoplasia (OR = 1.04 for each additional year; 95% CI = 1.01-1.07) but not significantly associated with advanced neoplasia (OR = 1.02; 95% CI = 0.98-1.06). There was no association between race and odds of neoplasia.
The effect of time to colonoscopy is further illustrated in Fig. 1 , which displays the predicted probability (e.g., risk) of advanced neoplasia (Fig. 1a) and neoplasia (Fig. 1b) as a function of time to colonoscopy since positive FOBT. The plots are based on the fitted logistic regression models described above. Notably, the effect of time to colonoscopy on the risk of disease is more pronounced in subjects with neoplasia as compared to advanced neoplasia. However, the slope is also positive in the advanced neoplasia plot, reflecting the increased odds of advanced neoplasia identified in our model.
Discussion
In this secondary data analysis from a single VHA medical center, we found a significantly increased risk of neoplasia associated with delay to colonoscopy, even after adjusting for age, gender, and race. The risk of advanced neoplasia also appeared to increase, though the relationship did not meet criteria for statistical significance. These finding were not anticipated and contrasted with our original hypothesis that there would be no difference in risk of advanced disease in patients receiving colonoscopy within 60 days as compared to those receiving the test within 199 days. This hypothesis was based on the assumption that the average time for an adenomatous polyp to become invasive is 10 years and bleeding may begin an average of 2 years before an adenoma becomes invasive [19] . Thus, a delay to colonoscopy of a few months in average risk patients should not alter the course of disease.
In fact, previous studies have not uncovered a significant relationship between time to diagnosis and outcome in patients with colorectal cancer. Fernandez et al. [11] found no significant association between the time interval from onset of symptoms to diagnosis and the risk of death from digestive tract cancers including esophagus, stomach, colon and rectum. Similarly, Porta et al. [13] reported that time to diagnosis from symptoms onset was not a significant predictor of survival. Instead, longer time to diagnosis actually was associated with a decreased risk of death. This latter finding was echoed in the work of Rupassara et al. [12] in Great Britain who report that patients with colorectal cancer who had a delay between referral and diagnosis had less aggressive tumors than those without delay. To our knowledge, our analysis is the first to examine the effect of time delay in the context of screening.
One possible explanation for the unexpected finding in our analysis is residual confounding in our regression model. Delay to colonoscopy may, in fact, be a proxy for other factors that modify the risk of neoplasia. For example, obesity has been associated with an increased risk of adenoma growth [20, 21] and could also make obtaining a colonoscopy more difficult. Alternatively, patients who delayed their colonoscopy may also have been more likely to delay their FOBT testing. We attempted to minimize the potential impact of this confounder by excluding patients from the analysis who had FOBT sent for reasons other than screening (i.e., symptoms). As a result, a delay in returning the FOBT cards should not have biased the results. Nevertheless, we cannot be certain that patients did not develop symptoms between the time the FOBT was ordered and the time it was returned.
An additional explanation for our findings is that the FOBT and colonoscopy were not actually related. It is conceivable that colonoscopies were not ordered as a direct result of a positive FOBT but rather for another reason, such as the development of symptoms raising concern for colorectal cancer. This concern is higher for those Fig. 1 Predicted probability of advanced neoplasia (a) and neoplasia (b). The predicted probability plots are derived from the fitted multivariate logistic regression models by averaging over age and race. The hatch marks on the top and bottom of the figures describe the distribution of time to colonoscopy for patients with and without (advanced) neoplasia, respectively. The dashed lines represent 95% point-wise confidence intervals colonoscopies performed long after the FOBT and thus could explain the increased risk of disease with increasing time to colonoscopy.
Finally, recent advances in the understanding of colorectal cancer pathogenesis have uncovered multiple distinct pathways of tumor progression that could explain our findings [22, 23] . There may be populations of patients with accelerated disease progression in which a few months can make a difference in polyp development or progression. It is unlikely that our population was homogenous in this regard, but the presence of a small proportion of patients with these accelerated pathways could have affected our results. Better understanding these pathophysiologic variations in colorectal cancer development may allow a more personalized approach to colorectal cancer screening and polyp surveillance.
Another provocative finding from our analysis is the longer delay to colonoscopy in non-Caucasian veterans when compared to Caucasians. The non-Caucasian category was predominately African-American though also included self-declared Hispanic and Asian veterans. We adjusted for this racial difference in our logistic regression model, and so we do not think that it explains the apparent association between time to colonoscopy and findings at the time of colonoscopy. Unfortunately, we do not have sufficient information in this analysis to explain the difference in delay. However, it remains of interest and will be further explored in future studies.
These surprising findings must be interpreted in the context of the study limitations. First, this study analyzes data originally collected for clinical documentation and then abstracted to examine the primary outcome of whether or not a colonoscopy had been performed within 18 months of a positive FOBT [8] . Therefore, this is not an analysis of the natural history of patients with a positive FOBT. The natural history of these patients would be best understood using repeated colonoscopies over the short-term to identify and sample new and existing polyps. However, the risks to the subject in such a study will remain prohibitive until less invasive techniques are available to reliably examine polyps in vivo.
Second, the small number of subjects with advanced neoplasia limited the power of our analysis to detect statistically significant differences within this group. Nevertheless, our probability plot (Fig. 1a) suggests that there may be a clinically relevant relationship between delay to colonoscopy and risk of advanced neoplasia. Further studies will need to be adequately powered to definitively determine whether such a relationship exists.
Lastly, this study was performed at a single VHA facility and may limit its generalizability to non-veteran and female populations. Unfortunately, data for comparison of time to colonoscopy in these populations is limited. Our data may be at least representative of the national veteran population in that the test characteristics of our FOBT were similar to a large national observational study within the VHA system [24] . Similarly, the proportion of subjects with positive FOBT and invasive cancer in our study is comparable to that found in a multi-center randomized trial in the civilian population [3] .
In summary, this secondary data analysis demonstrates a significantly increased risk of neoplasia associated with delay to colonoscopy. The absolute risk increase per day is minimal, but it becomes more pronounced when large delays are encountered. Further studies examining the risk of advanced neoplasia may be helpful for policy-makers when discussing performance guidelines for follow-up of positive FOBT. Until these studies are completed, our analysis would support timely follow-up of positive fecal occult blood tests.
